An inverse problem of determining the elastic wave produced by an ultrasonic transducer from laser velocimetry data is considered. The quality of the inversion is tested via a comparison between experimental data and simulation results obtained with a 3 dimensional time domain elastodynamic BIEM using parallel computing. The agreements of these results are satisfactory. The feasibility of the determination of defects based on the laser measurements is also investigated. The size and location of an unknown defect are determined with high accuracy.
Introduction
Determination of defects in structural members is one of fundamental issues of the non-destructive evaluation. In these few years, the present authors have been investigating the reconstruction of unknown defects from real data of ultrasound using a BIE (boundary integral equation) approach.1)'2)'3) As the data, the particle velocity associated with the ultrasound measured with a laser interferometer has been used. This is because the setting of the inverse problems assumes that one knows both incident elastic waves to illuminate the defects, and the scattered waves from the defects quantitatively.4) With the laser velocimetry one can measure the scattered waves quantitatively, but the incident waves still remain to be determined since these waves are generated by transducers with unknown characteristics. In view of this, an auxiliary inverse problem has been considered which uses real data obtained with a laser interferometer to determine the waves from the transducer2).
The quality
of the inversion was then tested in a comparison be- simple inverse problem of determining the geometry of an unknown defect from real data was solved in Yoshikawa et al.3) In this problem the radius and the depth of an unknown defect were determined numerically using the real ultrasound data. The estimated values were not very satisfactory (the estimated radius included an error of 20%), and further need for the improvement of the accuracy of the inversion was concluded.
In the present paper, we continue the efforts to improve the quality of the reconstructed incident waves from the transducer in order to improve the accuracy of the determination of unknown defects from ultrasonic data. Specifically, we reconsider the process of determining the equivalent load under the transducer, and attempt to identify the sources of error. We shall see that the setting of the experiment can be improved so that more information from the experiment can be taken into the analysis. Using the new experimental setting we shall carry out both experiments and inverse analysis to reconstruct the incident wave from the transducer. The comparison between the reconstructed incident wave from the transducer and the corresponding experimental results will be seen to be quite satisfactory. Finally, we shall see that a considerably improved reconstruction results are obtained in the inverse problem of determining the unknown defects using the new experimental setting.
Experiment and Inversion in
Yoshikawa et a1.3)
We shall describe the experiment and the inversion discussed in the previous papers2), 3) for the purpose of referential convenience.
Experiment
The test piece shown in Fig.1 is made of aluminium alloy, and has a circular cylindrical shape with the diameter of 200mm and the hight of 49.8mm. This test piece has an artificial defect, i.e., a cylindrical hole having the diameter of 19.8mm and the depth of 44.4mm from the bottom. We set an ultrasonic transducer (SONIX, central frequency = 500 KHz, diameter = 14.5mm) at the indicated position (20mm from the centre of the test piece) using silicone grease as the couplant. The ultrasonic transducer is then excited with an electric pulse generated by a pulser (RITEC SP-801). We then use laser interferometer (ONO measuring instruments LV-1300) to measure normal velocities at points denoted by L1-4 and R1 in the same figure. The points L1-4 are taken 5mm apart from each other, and the points L1 and R1 are placed 22mm away from the centre of the transducer (the origin of the coordinate system).
The frequency range of the laser interferometer is from 1Hz to 2.5MHz. The interferometer produces a voltage proportional to the measured normal velocity, and the output from the interferometer is recorded with a digital oscilloscope (LeCroy 9384TM). The S/N ratio of the output is enhanced with a stacking of 5000 sweeps. In this experiment we determine the incident waves from the transducer by using the data obtained at L1-4 in an interval of t where the responses at these points are not affected by the artificial defect. Our interest is to see if the incident waves thus reconstructed predicts the responses at the point R1 sufficiently accurately that one can use the reconstruction result for the incident wave in the second inversion of determining the geometry of defects. large, we have parallelised the code using MPI8). The code was then run with 10 processors. Fig.9 shows the mesh used for the analysis. Fig.12 gives a plot of the contour of the cost J. Instead of obtaining the minimum of J using non-linear programming techniques, we have evaluated J at the grid points in Fig.12 , interpolated these values by a polynomial, and minimised J approximately by taking the minimum of the polynomial approximation of J. In this way we obtained (r,d) = (9.506,5.393)(mm),the true values being (r,d) = (9.9,5.4)(mm).
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Conclusion
With several improvements of the quality of the inversion proposed in this paper, we could verify that the reconstructed incident waves from the transducer are now quite reliable, and can be used in an inverse problem to determine an unknown defect. Indeed, in a simple problem, the size and location of an unknown defect could be determined with high accuracy from real data measured with a laser interferometer using the new experimental setting. Since our approach requires solutions of large scale problems using BIEM, however, we are still unable to solve more realistic defect determination problems. In the future work we therefore plan to use fast solution methods of BIEM such as FMBIEM (fast multipole BIEM) in order to complete the solution of defect determination problems using real data within a reasonable amount of time. Solutions of crack determination problems using real data are also of our interest.
